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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Current evidence suggests the use of

non-steroidal anti-inflammatory drugs
(NSAIDs) increases the risk of myocardial
infarction and heart failure. However, some
studies have failed to demonstrate a
significant relationship.

• Differences in patient demographics, study
design, and the varying types and classes of
NSAIDs studied might either confound or
modify the association between NSAID use
and risk of myocardial infarction and heart
failure, and prevent accurate data
interpretation.

WHAT THIS STUDY ADDS
• NSAID use is not associated with an

increased risk of either incident myocardial
infarction or heart failure in elderly patients.

• NSAID use is associated with a reduction in
all-cause mortality in this cohort.

AIMS
We studied the association between either non-selective NSAIDs
(ns-NSAIDs), selective COX-2 inhibitors, or any NSAID and risk of
incident myocardial infarction (MI) and heart failure (HF), and all-cause
mortality in elderly subjects.

METHODS
We conducted a retrospective nested case-control study on Australian
veterans using nationwide hospital admission and pharmacy
dispensing data. We estimated adjusted odds ratios (OR) with 95%
confidence intervals (CI) for the risk of events for three different
measures of prescription supply exposure over the last 2 years: (i)
supplied at least once, (ii) supply frequency: supplied more than twice
within the last 30 days, once or twice within the last 30 days, and once
or more 30 days to 2 years and (iii) total supplies.

RESULTS
We identified 83 623 cases and 1 662 099 matched controls (1:20)
contributing 3 862 931 persons-years of observation. NSAID use at least
once within the last 2 years did not significantly affect the risk of MI
(OR 1.00, 95% CI 0.96, 1.04) but was associated with a mildly reduced
risk of HF (OR 0.95, 95% CI 0.92, 0.98). There was a reduced all-cause
mortality with at least one supply of either ns-NSAIDs (OR 0.94, 95% CI
0.90, 0.97), selective COX-2 inhibitors (OR 0.90, 95% CI 0.88, 0.93), or any
NSAID (OR 0.87, 95% CI 0.85, 0.90). Risk of death was also inversely
associated with the number of prescription supplies.

CONCLUSIONS
NSAID use is not associated with an increased risk of incident MI and
HF but is associated with a reduction in all-cause mortality in
Australian veterans.
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Introduction

Cardiovascular disease represents one of the main causes
of mortality, morbidity, and long-term disability in the
elderly population [1]. The burden of cardiovascular
disease in its various forms,such as ischaemic heart disease
and heart failure (HF), is likely to increase in the future due
to the progressive ageing of the population [2–4]. Current
evidence suggests the use of cyclo-oxygenase-2 (selective)
non-steroidal anti-inflammatory drugs (NSAIDs) and non-
selective NSAIDs (ns-NSAIDs) increases the risk of myocar-
dial infarction (MI) and HF [5–28]. Concerns over the
potential increase in the risk of MI and HF associated with
the long-term use of NSAIDs have been expressed in a
recent statement by the American Heart Association [29].
However, other studies have failed to demonstrate a sig-
nificant relationship between NSAIDs, MI, and HF [30–38].
The discrepancy in these findings might be explained by
differences in patient demographics, inadequate statistical
power, duration of follow-up, co-existing medical condi-
tions and concomitant medications, pre-existing cardio-
vascular disease, and the varying types and classes of
NSAIDs studied.These factors may confound or modify the
association between NSAID use and risk of MI and HF, and
prevent accurate data interpretation.

NSAIDs are frequently prescribed in the elderly popu-
lation [39]. Their potential impact on cardiovascular out-
comes might therefore have enormous clinical and health
economic implications.The existing controversy surround-
ing the association between NSAIDs, MI, and HF demon-
strates the need for a further large-scale study in elderly
patients that also controls for multiple potential confound-
ers. Such an investigation should also assess the impact of
the extent and recency of NSAID exposure on the risk of MI
and HF.

This study addresses these issues by examining the
relationship between the use of NSAIDs and their main
sub-classes, ns-NSAIDs and selective COX-2 inhibitors, and
the risk of incident MI, HF, and all-cause mortality in a
population of elderly subjects by using a nationwide pre-
scription database. Given that MI and HF are associated
with an increased risk of peripheral arterial disease (PAD)
and arrhythmias, we also investigated the relationship
between NSAID use and risk of PAD, arrhythmias and
cardiac arrest.

Methods

Study design
A retrospective nested case-control study was conducted
in the Australian veteran community, which comprises all
Australian war veterans, spouses, and dependants aged 65
years and older on 1 January 2002 with current gold card
status at 1 January 2000. A gold card entitles the holder to
funding from the Department of Veterans’ Affairs (DVA) for

services for all health care needs and/or health conditions,
whether they are related to war service or not. Subjects
were followed for events from 1 January 2002 until June 30
2006. Dispensing and hospital data for all veterans were
extracted from the DVA Pharmacy Claims database and
the DVA public and private hospitals databases, respec-
tively. These databases contain records of medical and
allied health services, hospital records and all DVA subsi-
dized medicines dispensed to the DVA patient population.
The co-payment of $4.70 Australian Dollars ensures that
most veterans will access their medicines through the
Repatriation Pharmaceutical Benefits Scheme. The current
data file contains approximately 80 million pharmacy
records related to a treatment population of approxi-
mately 320 000 veterans.

Case definition and exclusion criteria
Potential cases and controls were excluded if they had
incomplete hospital and prescribing data for the 2 years
prior to their respective index date or any of the outcomes
of interest either as a primary diagnosis or co-morbidity in
the 2 years prior to 1 January 2002. Additional exclusion
criteria included diagnosis of cancer (ICD-10 codes C00 to
C96) at any time prior to or during the study period as a
primary or secondary diagnosis, or treatment with antine-
oplastic agents in the 2 years prior to the start of the study
period. Cases were identified on the basis of a cardiovas-
cular event (ICD-10-AM Codes, 5th Edition). The primary
outcomes of interest were MI (I21.0, I21.1, I21.2, I21.3, I21.4,
or I21.9), HF (I50.0, I50.1, or I50.9), and all-cause mortality.
The secondary outcomes were peripheral arterial throm-
bosis and embolism (I74.0, I74.1, I74.2, I74.3, I74.4, I74.5,
I74.8, or I74.9), paroxysmal tachycardia or other cardiac
arrhythmias (I40.2, I47.0, I47.1, I47.2, I47.9, I49.0, I49.1, or
I49.3) and cardiac arrest (I46.0, I46.1 or I46.9).

Co-morbidities were identified using public and private
hospital admission dates between 1 January 2000 and the
index date for both cases and controls. Pharmacy dispens-
ing data supply dates were used to identify the number
and type of medication supplies in the relevant period
prior to the index date. Admission dates from the Residen-
tial Aged Care (RAC) database were used to identify those
subjects who had been in RAC for at least 6 months prior to
their index date.

NSAID prescriptions
NSAIDs were coded within the Pharmacy Claims database
according to the World Health Organization (WHO) Ana-
tomical Therapeutic Chemical (ATC) classification (M01A)
and the Australian Schedule of Pharmaceutical Benefits
item codes. NSAIDs were classified as either ns-NSAIDs
(diclofenac, diflunisal, ibuprofen, indomethacin, ketopro-
fen, mefenamic acid, naproxen and tiaprofenic acid) or
selective COX-2 inhibitors (celecoxib, lumiracoxib, and rofe-
coxib). In addition we investigated the oxicams (meloxicam
and piroxicam) and the acetic acid derivative sulindac as a
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subset of the ns-NSAIDs (Ox-Sul-ns-NSAIDs). Meloxicam is
a ‘preferential’ COX-2 inhibitor in vitro (using the COX-2
human whole blood assay) although the IC50 (2.1 mM)
differs only three-fold from piroxicam (IC50 7.9 mM) [40].
Sulindac is a pro-drug and in vitro is either inactive or a
relatively weak COX inhibitor [41]. Further, we investigated
the association between MI, HF, PAD, arrhythmias, cardiac
arrest, all-cause death and the individual use of diclofenac,
naproxen, ibuprofen and meloxicam. These NSAIDs were
of interest because a meta-analysis of 138 randomized
trials covering all NSAIDs concluded that high doses of
diclofenac and ibuprofen, but not naproxen, were associ-
ated with a significant increase in cardiovascular events
[42]. Similarly, McGettigan et al. found a dose-related risk
for cardiovascular events with diclofenac and meloxicam,
but not naproxen [43].

Statistical analyses
An incidence density sampling approach was used for
each outcome of interest with up to 20 controls selected
for each case. All subjects were eligible for selection as a
control (including subjects who later became cases), pro-
vided that the subject had been free of the condition of
interest up to and including the index date for the case
with which they were being matched. Subjects could also
be used as controls on multiple occasions. Controls were
matched with cases on the basis of age (within 2 years),
sex, and Australian state of residence and then assigned
the same index date as the matching case.

Conditional logistic regression was used to estimate
both crude and adjusted odds ratios (OR) with 95% confi-
dence intervals (CI) to assess the contour of the risk for
each outcome with NSAID exposure. The odds ratios
obtained from logistic regression are considered a good
approximation to relative risk in the setting of incidence
density sampling [44]. Prescription supply exposure over
the last 2 years was defined in three ways: (i) any supply of
either ns-NSAIDs,Ox-Sul-ns-NSAIDs,selective COX-2 inhibi-
tors, or any NSAID, (ii) supply frequency: supplied more
than twice within the last 30 days, supplied once or twice
within the last 30 days, supplied anytime within 30 days to
2 years and (iii) total prescription supplies (0, 1–4, 5–9,
10–19, and �20) to each of the different NSAIDs. Models
were adjusted for the following co-variates: age (to the
nearest year), RAC status (in RAC for at least 6 months prior
to index date), diabetes, obesity, dementia, hypertension,
ischaemic heart disease, respiratory disease, liver disease,
rheumatoid arthritis or renal disease (at any time prior to
the index date), and the use of salicylic acid and derivatives
(within 2 years of the index date) or medications for the
following conditions: obesity, diabetes, thrombosis, cardio-
vascular disease, dementia and obstructive airways disease
within 4 months prior to the index date. All analyses were
performed using Stata (version 10, StataCorp LP, College
Station, Texas, USA).

Ethics
Approvals for the study were obtained from the DVA
Human Research Ethics Committee, the Flinders Clinical
Research Ethics Committee, and the University of South
Australia Ethics Committee.All data were made available to
the investigators as de-identified unit records and specific
individuals could not be identified from within the
datasets.

Results

For the three primary outcomes of interest (MI, HF and
all-cause mortality) we identified a total of 83 623 cases
and 1 662 099 matched controls (1:20) contributing
3 862 931 persons-years of observation (Table 1). Baseline
characteristics of the cases and the controls for the MI, PAD,
HF, arrhythmias, cardiac arrest and all-cause mortality
cohorts show close matching of gender and age for each
cohort (Table 1). As expected, imbalances existed between
cases and controls in the prevalence of existing
co-morbidities and the use of other medications,highlight-
ing the necessity to adjust for these potential confounders.
Diabetes, obesity, dementia, hypertension, ischaemic heart
disease, respiratory disease, rheumatoid arthritis and renal
failure were between 1.1 and 4.1 times more prevalent
amongst cases than amongst controls. The use of anti-
diabetic, anti-thrombotic and cardiovascular drugs was
between 1.1 and 1.9 times more prevalent amongst cases
than amongst controls whereas the use of agents for
chronic obstructive airway disease was highly variable
across the cohorts (6 times more prevalent amongst con-
trols than amongst cases for MI and 1.7 times more preva-
lent amongst cases than amongst controls for all-cause
mortality). By contrast, the use of any NSAID within the last
2 years was comparable for both cases and controls
(Table 1).

Myocardial infarction
The unadjusted risk of MI was mildly increased with use at
least once within the last 2 years of either ns-NSAIDs (OR
1.05, 95% CI 1.00, 1.11), selective COX-2 inhibitors (OR 1.08,
95% CI 1.04, 1.13), or any NSAID (OR 1.06, 95% CI 1.02, 1.11).
However, these associations each disappeared after adjust-
ment for potential confounders (Table 2). There was an
increase in the risk of MI with increasing supplies of any
NSAID in the past 2 years (OR 1.19, 95% CI 1.10, 1.29 for 20+
supplies).The strength of the association was reduced after
adjustment for co-morbidities and medications (OR 1.10,
95% CI 1.01, 1.19). The same trend towards an increased
risk of MI with increasing supplies appeared to exist for the
individual NSAIDs naproxen, ibuprofen, and meloxicam,
but not for diclofenac (Table 2).

The use of any NSAID at least once within 30 days of the
index date was associated with a mild increase in the risk of

NSAIDs, cardiovascular disease and all-cause mortality
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MI both before (OR 1.13, 95% CI 1.06, 1.20) and after (OR
1.07, 95% CI 1.01, 1.14) adjustment (Table 3). The risk
appeared to increase further with multiple use within the
last 30 days of the index date, although the relatively small
number of subjects in this category prevented adequate
statistical power to confirm this.The risk of incident MI was
not associated with the use of any NSAID between 30 days
and 2 years prior to the index date.

Heart failure
The use of any NSAID, Ox-Sul-ns-NSAIDs, or selective COX-2
inhibitors within the last 2 years was associated with a mild
reduction in the risk of HF-related hospitalization (adjusted
OR 0.95, 95% CI 0.92, 0.98; adjusted OR 0.92, 95% CI 0.87,
0.97; and adjusted OR 0.96, 95% CI 0.93, 0.99, respectively;
Table 2). Recent low-moderate NSAID use (supplied once

or twice within 30 days) was associated with a reduced risk
of HF (adjusted OR 0.93, 95% CI 0.89, 0.98) (Table 3).
However, recent high NSAID use (supplied more than twice
within the last 30 days) was not associated with either an
increase or a reduction in the risk of HF (adjusted OR 1.14,
95% CI 0.86, 1.52). There was no association between total
number of prescription supplies for individual NSAIDs and
HF except for a small reduction in risk associated with low
exposure to meloxicam.

All-cause mortality
The use of either ns-NSAIDs (adjusted OR 0.94, 95% CI 0.90,
0.97), Ox-Sul-ns-NSAIDs (adjusted OR 0.85, 95% CI 0.80,
0.89), selective COX-2 inhibitors (adjusted OR 0.90, 95% CI
0.88, 0.93), or any NSAID (adjusted OR 0.87, 95% CI 0.85,
0.90) within the last 2 years was associated with a reduc-

Table 2
Odds ratios for the outcomes of interest according to the groups of NSAID studied and the frequency of use in the last 2 years

Myocardial infarction Peripheral arterial disease Heart failure Arrhythmias Cardiac arrest All-cause mortality
OR* (95% CI) OR* (95% CI) OR* (95% CI) OR* (95% CI) OR* (95% CI) OR* (95% CI)

NSAID type (used in last 2 years)
No NSAID 1.00 1.00 1.00 1.00 1.00 1.00
ns-NSAIDs 1.02 (0.97, 1.07) 0.98 (0.81, 1.20) 1.02 (0.98, 1.06) 1.00 (0.92, 1.10) 0.85 (0.73, 0.98) 0.94 (0.90, 0.97)
Ox-Sul-ns-NSAIDs 1.00 (0.93, 1.07) 1.30 (1.02, 1.66) 0.92 (0.87, 0.97) 0.95 (0.84, 1.08) 0.93 (0.77, 1.12) 0.85 (0.80, 0.89)
COX-2 inhibitors 1.02 (0.97, 1.06) 0.89 (0.76, 1.05) 0.96 (0.93, 0.99) 0.97 (0.90, 1.05) 0.90 (0.81, 1.01) 0.90 (0.88, 0.93)
Any NSAID 1.00 (0.96, 1.04) 0.99 (0.86, 1.16) 0.95 (0.92, 0.98) 0.95 (0.89, 1.02) 0.87 (0.78, 0.97) 0.87 (0.85, 0.90)

NSAID supplies (in last 2 years)
None 1.00 1.00 1.00 1.00 1.00 1.00
1–4 0.95 (0.90, 1.00) 1.02 (0.84, 1.23) 0.97 (0.94, 1.01) 0.97 (0.89, 1.06) 0.87 (0.76, 1.00) 0.93 (0.90, 0.97)
5–10 0.94 (0.87, 1.01) 0.83 (0.63, 1.11) 0.92 (0.87, 0.97) 0.93 (0.82, 1.06) 0.86 (0.71, 1.06) 0.87 (0.83, 0.92)
11–19 1.08 (1.01, 1.15) 1.00 (0.78, 1.28) 0.95 (0.90, 1.00) 0.94 (0.83, 1.05) 0.89 (0.75, 1.07) 0.82 (0.78, 0.86)
20+ 1.10 (1.01, 1.19) 1.16 (0.86, 1.56) 0.95 (0.89, 1.01) 0.96 (0.83, 1.11) 0.83 (0.67, 1.04) 0.74 (0.69, 0.79)

Individual NSAIDs
Diclofenac
None 1.00 1.00 1.00 1.00 1.00 1.00
1–4 0.82 (0.74, 0.92) 1.17 (0.86, 1.60) 0.97 (0.91, 1.04) 1.10 (0.95, 1.27) 0.73 (0.56, 0.95) 0.92 (0.86, 0.98)
5–10 0.85 (0.69, 1.05) 0.88 (0.41, 1.89) 0.92 (0.79, 1.06) 0.76 (0.52, 1.12) 0.75 (0.43, 1.32) 0.83 (0.72, 0.96)
11–19 1.04 (0.85, 1.26) 0.86 (0.38, 1.97) 0.85 (0.73, 0.99) 1.04 (0.75, 1.44) 0.79 (0.44, 1.41) 0.76 (0.65, 0.89)
20+ 1.00 (0.74, 1.36) 1.08 (0.33, 3.49) 0.82 (0.64, 1.05) 1.04 (0.63, 1.74) 1.12 (0.54, 2.29) 0.76 (0.59, 0.98)
Naproxen
None 1.00 1.00 1.00 1.00 1.00 1.00
1–4 0.93 (0.79, 1.09) 0.85 (0.48, 1.49) 0.97 (0.87, 1.09) 0.97 (0.75, 1.25) 1.03 (0.72, 1.48) 1.03 (0.93, 1.14)
5–10 1.31 (1.00, 1.70) 1.22 (0.44, 3.44) 1.09 (0.87, 1.35) 0.78 (0.43, 1.44) 0.47 (0.15, 1.51) 0.99 (0.80, 1.23)
11–19 1.27 (0.93, 1.74) 1.47 (0.53, 4.09) 1.16 (0.92, 1.47) 1.64 (1.03, 2.61) 1.43 (0.62, 2.30) 0.95 (0.74, 1.22)
20+ 1.19 (0.74, 1.92) 1.49 (0.20, 11.37) 1.40 (0.98, 2.00) 0.18 (0.03, 1.32) 0.80 (0.19, 3.35) 0.99 (0.66, 1.48)
Ibuprofen
None 1.00 1.00 1.00 1.00 1.00 1.00
1–4 0.94 (0.82, 1.08) 1.02 (0.64, 1.64) 1.05 (0.95, 1.15) 0.96 (0.76, 1.21) 0.95 (0.67, 1.34) 0.98 (0.89, 1.07)
5–10 0.92 (0.64, 1.31) – 1.05 (0.81, 1.35) 0.86 (0.45, 1.63) 0.76 (0.30, 1.87) 0.72 (0.55, 0.94)
11–19 1.06 (0.67, 1.69) 1.67 (0.39, 7.22) 1.31 (0.96, 1.79) 1.06 (0.46, 2.44) 1.41 (0.50, 3.97) 1.09 (0.79, 1.51)
20+ 1.32 (0.41, 4.26) – 0.67 (0.16, 2.77) 1.06 (0.14, 8.00) – 0.46 (0.11, 1.98)
Meloxicam
None 1.00 1.00 1.00 1.00 1.00 1.00
1–4 1.02 (0.93, 1.13) 1.26 (0.90, 1.79) 0.90 (0.84, 0.98) 1.01 (0.85, 1.20) 0.85 (0.64, 1.12) 0.87 (0.81, 0.94)
5–10 1.02 (0.85, 1.22) 1.37 (0.71, 2.64) 0.85 (0.73, 0.98) 0.76 (0.53, 1.09) 0.72 (0.42, 1.24) 0.79 (0.70, 0.90)
11–19 0.81 (0.64, 1.01) 1.17 (0.56, 2.42) 0.98 (0.83, 1.14) 0.99 (0.69, 1.40) 0.89 (0.51, 1.58) 0.73 (0.63, 0.86)
20+ 1.21 (0.84, 1.75) 2.10 (0.62, 7.11) 0.96 (0.72, 1.28) 0.71 (0.33, 1.53) 0.80 (0.29, 2.26) 0.58 (0.43, 0.80)

*Adjusted for age (to nearest year), residential aged care status (in RAC for at least 6 months prior to index date), public or private hospital admissions (for diabetes, obesity, dementia,
hypertension, IHD, respiratory disease, liver disease, rheumatoid arthritis or renal disease) at any time prior to the index date, and the use of salicylic acid and derivatives or
medications for the following conditions: obesity, diabetes, thrombosis, cardiovascular disease, dementia and obstructive airways diseases within 4 months prior to the index date.
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tion in all-cause mortality (Table 2). There was also clear
evidence of an inverse relationship between increasing
supplies of any NSAID and of the individual NSAIDs
diclofenac and meloxicam and all-cause mortality. The
association between any NSAID use and reduced all-cause
mortality was even more evident for recent use, i.e. pre-
scription supply within 30 days of the index date (adjusted
OR 0.65, 95% CI 0.62, 0.69) but was less evident for heavy
recent use, i.e. two or more prescription supplies within the
last 30 days (adjusted OR 0.93, 95% CI 0.71, 1.23) (Table 3).

Peripheral arterial disease
The use of either ns-NSAIDs, selective COX-2 inhibitors or
any NSAID within the last 2 years did not markedly affect
the risk of PAD (Table 2). However, use anytime within the
last 2 years of Ox-Sul-ns-NSAIDs was associated with an
increase in the risk of PAD (adjusted OR 1.30, 95% CI 1.02,
1.66). There was no significant relationship between the
number of supplies for any NSAID and the risk of PAD
although a trend towards an increased risk with increasing
use appeared to exist for naproxen, ibuprofen and meloxi-
cam. Recent use of NSAIDs did not appear to increase the
risk of PAD (Table 3).

Cardiac arrest and arrhythmias
The use of either ns-NSAIDs or any NSAID within the last 2
years was associated with a reduction in the risk of cardiac
arrest-related hospitalization (adjusted OR 0.85, 95% CI
0.73, 0.98, adjusted OR 0.87, 95% CI 0.78, 0.97, respectively;
Table 2). By contrast, there was no significant relationship
between NSAID use within the last 2 years and risk of
arrhythmia-related hospitalization (Table 2). Recent low-
moderate NSAID use was associated with a reduced risk of
both cardiac arrest (adjusted OR 0.87, 95% CI 0.75, 1.06)
and arrhythmias (adjusted OR 0.85, 95% CI 0.76, 0.96)
(Table 3). However, recent high NSAID use was not associ-
ated with an increase or a decrease in the risk of either
cardiac arrest (adjusted OR 1.32, 95% CI 0.46, 3.76) or
arrhythmias (adjusted OR 1.27, 95% CI 0.66, 2.44). There
was a reduced risk of cardiac arrest with low exposure to

diclofenac (1–4 supplies in the last 2 years) and an
increased risk of arrhythmias with moderate-to-high expo-
sure (11–19 supplies in the last 2 years) to naproxen
(Table 2).

Discussion

The results of this study suggest that NSAID use was not
associated with an increased risk of MI, PAD, HF, arrhyth-
mias and cardiac arrest in a large elderly cohort with
multiple co-morbidities. Additionally, NSAID use was asso-
ciated with a clear reduction in all-cause mortality in this
population.The risk of all-cause mortality was reduced par-
ticularly when use was either prolonged or recent.

NSAIDs and athero-thrombotic events
The American Heart Association has recently expressed
concerns regarding the potential increased risk of athero-
thrombotic vascular events associated with the use of
NSAIDs, particularly the selective COX-2 inhibitors [29].
NSAIDs vary in their ability to inhibit selectively the COX-1
isoenzyme, expressed in most tissues, vs. the COX-2 isoen-
zyme, mainly induced during inflammation [45]. In the car-
diovascular system the products of COX regulate complex
interactions between platelets and the vessel wall [46].
There is also evidence that both ns-NSAIDs and selective
COX-2 inhibitors either increase blood pressure and/or
diminish the blood pressure lowering effect of antihyper-
tensive drugs [47, 48]. There is a strong relationship
between increasing blood pressure and the risk of either
MI and PAD [49, 50]. Moreover, the selective inhibition of
COX-2 might lead to a reduced synthesis of prostacyclin by
the endothelium, leading to an imbalance between pros-
tacyclin and platelet-derived thromboxane that could
trigger the onset of a thrombotic event [51].

Previous studies investigating the relationship
between NSAIDs and risk of MI have provided conflicting
results. Some studies, particularly those that have focused
on selective COX-2 inhibitors, have demonstrated a signifi-

Table 3
NSAID exposure and odds ratios for the outcomes of interest

Myocardial
infarction

Peripheral arterial
disease Heart failure Arrhythmias Cardiac arrest

All-cause
mortality

OR* (95% CI) OR* (95% CI) OR* (95% CI) OR* (95% CI) OR* (95% CI) OR* (95% CI)

NSAID use
Not used in last 2 years 1.00 1.00 1.00 1.00 1.00 1.00
Used 30 days–2 years 0.97 (0.93, 1.01) 1.01 (0.86, 1.19) 0.96 (0.93, 0.99) 0.99 (0.91, 1.06) 0.86 (0.77, 0.97) 0.94 (0.91, 0.96)
Used once or twice within the last 30 days 1.07 (1.01, 1.14) 0.96 (0.76, 1.22) 0.93 (0.89, 0.98) 0.85 (0.76, 0.96) 0.87 (0.75, 1.06) 0.65 (0.62, 0.69)
Use more than twice within the last 30 days 1.30 (0.87, 1.94) 0.70 (0.09, 5.17) 1.14 (0.86, 1.52) 1.27 (0.66, 2.44) 1.32 (0.46, 3.76) 0.93 (0.71, 1.23)

*Adjusted for age (to nearest year), residential aged care status (in RAC for at least 6 months prior to index date), public or private hospital admissions (for diabetes, obesity, dementia,
hypertension, IHD, respiratory disease, liver disease, rheumatoid arthritis or renal disease) at any time prior to the index date, and the use of salicylic acid and derivatives or
medications for the following conditions: obesity, diabetes, thrombosis, cardiovascular disease, dementia and obstructive airways diseases within 4 months prior to the index date.

A. A. Mangoni et al.

694 / 69:6 / Br J Clin Pharmacol



cant increase in risk [5–19, 52]. The individual ns-NSAIDs
diclofenac and ibuprofen and the selective COX-2 inhibi-
tors rofecoxib, celecoxib, and etoricoxib conferred the
greater risk [5, 7–13, 15–18, 52]. By contrast, other studies
have shown a neutral or even a protective effect from
using NSAIDs, and in particular ns-NSAIDs, on the risk of MI
[30–35]. In many of these studies, particularly those that
demonstrated increased risk, the number of MI cases was
relatively small (<5000) [5, 6, 9–12, 14, 16, 30–32, 34, 35, 52].
Moreover, rheumatoid arthritis and renal failure, estab-
lished risk factors for MI and PAD, were often not consid-
ered as confounders, thus complicating data interpretation
[9, 14, 16, 30, 33, 52].

Strong evidence exists for a link between inflammation
and the onset and progression of atherosclerosis and
thrombosis [53].The major risk factors for both MI and PAD
are characterized by the presence of a pro-inflammatory
state, prompting the search for therapeutic strategies that
target pro-inflammatory pathways [54, 55]. The anti-
inflammatory effects of NSAIDs might potentially counter-
balance any detrimental effects on blood pressure and
fluid balance resulting in a neutral effect on the risk of
either MI or PAD.This hypothesis however, warrants further
investigations in both animal and human studies.

Although the use of NSAIDs anytime in the past 2 years
was not associated with an increase in the risk of MI, an
increased incidence was observed with either regular pro-
longed exposure or recent (<30 days) use. These findings
are consistent with previous studies on either ns-NSAIDs or
individual NSAIDs, mainly selective COX-2 inhibitors [7, 8,
10, 11, 13, 15, 17, 18, 30, 31]. However, the estimated
increased risks were somewhat lower in our study than the
others, even before adjustment for confounders. The
varying effects of extent or time of exposure on the risk of
MI might reflect differences in the effects of these drugs on
the balance between the beneficial anti-inflammatory
effects that reduce cardiovascular disease risk and the det-
rimental cardiovascular effects of these drugs on fluid
balance, blood pressure and thrombosis.

The association between NSAIDs and PAD has not been
previously investigated. In our study the use of Ox-Sul-ns-
NSAIDs was associated with an increase in the risk of PAD.In
particular, increasing supplies of meloxicam,the most com-
monly prescribed Ox-Sul-ns-NSAID, were associated with
increased PAD risk.However, the small number of cases and
resulting wide confidence intervals mean that larger
studies are warranted in order to confirm this observation.

NSAIDs and heart failure
The concerns about the potential risk of HF associated with
the use of NSAIDs are attributed to the detrimental effects
of these drugs on blood pressure and fluid retention,
although these vary between NSAIDs [56, 57]. Fluid reten-
tion is mainly secondary to COX inhibition in the kidney.
The resulting decrease in prostaglandin I2 and prostaglan-
din E2, derived mainly from COX-2 in the renal cortex

and juxtaglomerular cells, causes a decrease both in renal
blood flow and in glomerular filtration rate [58]. The blood
pressure increase is secondary to blood volume expansion
and to the suppression of prostaglandin I2 synthesis in the
endothelium, derived from both COX-1 and COX-2, with
resulting vasoconstriction and increase in peripheral
vascular resistance [59].

A recent meta-analysis concluded that both ns-NSAIDs
and selective COX-2 inhibitors were associated with an
increased risk of HF, particularly in subjects with pre-
existing HF [20]. The risk imparted by both classes of
NSAIDs was similar [20]. This meta-analysis comprised five
case-control and two cohort studies with unexposed con-
trols [20]. However, five of the seven studies were con-
ducted in a relatively small sample size, i.e.<2000 cases [23,
25, 27, 37, 60]. In addition, important confounders such as
the presence of diabetes or rheumatoid disease were not
considered in some of these studies [25, 27, 60].

The association between inflammation and HF is well
established [61]. Similarly to athero-thrombotic events,
virtually all the known risk factors for the onset and the
progression of HF are characterized by the presence of a
pro-inflammatory state [54]. Moreover, higher serum
concentrations of C-reactive protein, an established
marker of inflammation, are associated with impaired left
ventricular function and predict both the occurrence of
and hospitalization for HF [62–64]. This has prompted the
search for therapeutic strategies targeting different pro-
inflammatory pathways in experimental models of HF [65].
Similarly to athero-thrombotic diseases, it is possible that
the anti-inflammatory effects of either ns-NSAIDs or selec-
tive COX-2 inhibitors might counterbalance the detrimen-
tal effects of these drugs on blood pressure and fluid
balance resulting in a neutral effect on HF. The differences
in the association between recent low-moderate vs. high
prescription supplies and risk of HF, i.e. reduced risk with
low-moderate supply and neutral effect with high supply
may reflect changes in the balance between these oppo-
site effects. Mechanistic studies are required to examine
this hypothesis further.

There was no clear relationship between the total
exposure to individual NSAIDs and the risk of incident HF
except for a small reduction in risk associated with low
exposure to meloxicam. Previous studies have also investi-
gated the relationship between the use of individual
NSAIDs and HF.However, in those studies HF was often part
of a composite cardiovascular end-point and no condition-
specific analysis was performed [66]. In a recent study Gis-
lason et al. investigated the relationship between the use
of the ns-NSAIDs ibuprofen, diclofenac, and naproxen and
the selective COX-2 inhibitors rofecoxib and celecoxib
and the risk of HF-related hospitalization [21]. Except for
naproxen, a significant increase in the risk of secondary HF
was observed with each of these drugs [21]. However,
unlike this study, Gislason et al. conducted their investiga-
tion solely on patients with pre-existing HF [21].

NSAIDs, cardiovascular disease and all-cause mortality
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NSAIDs, cardiac arrest and arrhythmias
There was a reduced risk of hospitalization for cardiac
arrest associated with the use of ns-NSAIDs or NSAIDs as
a whole. There was also a reduced risk with recent low-
moderate NSAID exposure. The risk was not associated
with individual drugs except for a reduced risk associated
with low exposure to the ns-NSAID diclofenac.

Very limited data has been used to examine the asso-
ciation between NSAID use and risk of either cardiac arrest
or arrhythmic events. These have also compared different
classes of NSAIDs but did not use completely non-exposed
controls, employing instead individuals with at least one
prescription history of NSAIDs [67–69]. Moreover, cardiac
arrest and arrhythmias were considered only as part of a
composite end-point. A recent meta-analysis reported an
increased risk of arrhythmias associated with the use of the
selective COX-2 inhibitor rofecoxib but not with celecoxib,
valdecoxib or etoricoxib [70].

Similarly to HF, recent studies have demonstrated a link
between inflammation and an increased risk of arrhyth-
mias. Increased serum concentrations of C-reactive protein
have been shown to predict the onset of specific arrhyth-
mias, such as atrial fibrillation and ventricular tachycardia,
and sudden cardiac death [71–73]. Moreover, epidemio-
logical studies have demonstrated a positive relationship
between serum C-reactive protein concentrations, QT
interval and other repolarization abnormalities [74, 75].
Interestingly, some NSAIDs have been shown to reduce the
risk of ventricular arrhythmias in experimental models of
ischaemia. The NSAIDs used in those studies included
indomethacin, ketoprofen and mefenamic acid [76–79].
Studies on ibuprofen, conducted in both animals and
humans, have shown conflicting results [80, 81]. The
reduced risk of arrhythmias leading to cardiac arrest, asso-
ciated with the use of NSAIDs, might be explained by a
reduced pro-inflammatory state. Again, this requires con-
firmation in mechanistic studies.

Analysis of the individual NSAIDs showed a reduced
risk of cardiac arrest associated with low exposure (1–4
supplies in the last 2 years) to diclofenac and an increased
risk of arrhythmias associated with moderate-high expo-
sure (11–19 supplies in the last 2 years) to naproxen. Since
no data are available on the potential pro-arrhythmic
effects of these drugs, further studies are required to ascer-
tain the specific role of these drugs and the existence of a
dose-related effect phenomenon.

NSAIDs and mortality
Another important finding in our study was the reduced
risk of all-cause mortality associated with NSAID use. This
observation applied not only to NSAIDs as a whole but also
to the sub-classes of ns-NSAIDs, Ox-Sul-ns-NSAIDs, and
selective COX-2 inhibitors, and to the individual NSAIDs
diclofenac and meloxicam. Interestingly, an increased
number of supplies for NSAIDs, diclofenac, and meloxicam
was associated with a progressive reduction in mortality,

suggesting a dose–effect relationship. Associations
between NSAID use and all-cause mortality have previ-
ously been reported, but with conflicting results. In some
studies NSAID use was associated with an increase risk of
all-cause mortality [13, 19, 21, 39]. By contrast, other studies
reported either a neutral or a reduced risk of mortality
[82–84]. Importantly however, three of the four studies
demonstrating an increased mortality were conducted
either in post-MI or chronic HF patients, two populations
where the baseline risk of death is significantly higher than
in the general population [13, 19, 21]. The main causes of
death in the Australian population >65 years are cancer
and cardiovascular disease, accounting for more than 60%
of deaths [85]. Although there is no clear mechanistic
explanation for the reduced mortality associated with
NSAID use it is possible that these drugs might exert some
unknown protective effects in this context. A systematic
review has recently highlighted the potential role of
aspirin and other NSAIDs for the primary and/or secondary
prevention of some cancers, in particular those affecting
the gastrointestinal tract [86]. An alternative explanation is
that in this elderly population, NSAID users are generally
healthier than non users even after adjustment for known
confounders.

Although any associations obtained from nested case-
control studies do not infer causality, the temporal direc-
tion between exposure and outcome makes for a stronger
case than that of conventional case-control studies. Esti-
mates of risk obtained from nested case-control designs
are also similar to those obtained with cohort designs that
use time-varying covariates and Cox regression, particu-
larly when approximately 20 controls per case are sampled
as was the case here [87].

Since exposure information is available prior to study
commencement and all cases in the cohort are used, the
nested case approach is also not subject to the normal
weaknesses of ascertainment and selection bias, respec-
tively, that often occur in conventional case-control
designs. The nested design also offers the advantage that
controls can be matched with cases in terms of potential
confounding variables such as age and sex. In this study
we also reduced the risk of confounding by adjusting
for several important prognostic factors, namely
co-morbidities and medications. However, we acknowl-
edge that other unknown prognostic factors may not have
been included in the models leaving the potential for
residual confounding by indication.

This study did not analyze the effects of recency of
supply on risk of MI, HF, PAD, arrhythmias, cardiac arrest,
and mortality of ns-NSAIDs and selective COX-2 inhibitors
as separate classes. Neither did we examine the effects of
increasing exposure to selective COX-2 inhibitors such as
rofecoxib and celecoxib. These questions need to be
addressed in further studies with larger cohorts.

This study has demonstrated that the use of NSAIDs has
overall a neutral effect on the risk of athero-thrombotic,
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heart failure and arrhythmic events in the Australian
veteran community. Moreover, NSAID use is associated
with a reduced risk of all-cause mortality. Further prospec-
tive studies are urgently required to investigate the effects
of different extent and time of exposure to individual
NSAIDs on these outcomes and the mechanisms involved.
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